Abstract: Anisakiasis is fish-borne zoonoses caused by nematodes of the genus Anisakis, contracted by the ingestion of live L3 infective larvae through consumption of raw, undercooked or thermally unprocessed seafood products, such as carpaccio, and white marinated and dry-salted anchovies. In order to maintain the organoleptic properties of the product, the freezing of fish prior to processing is often ignored, especially in households, and traditional processing methods are not sufficient to kill Anisakis larvae. In this study, we investigated the survival and resistance of Anisakis spp. larvae in different processing solutions including varying salt and sugar content, lemon juice, acetic acid, alcohol, wine, and apple vinegar. We also performed a viability test of larvae during processing in anchovy fillets. When exposed directly to different NaCl concentrations, larvae were killed after approximately three days in the strongest (35%) and 10 days in the weakest solution (5%). In lemon juice and lemon juice with added acetic acid, the survival of larvae was around 5 days. In intact alcohol vinegar, larvae were killed under less than 48 h, while in the solution with water their resistance was prolonged to almost 40 days. In fillets, larvae showed increased resistance during carpaccio and white wine vinegar marinades and only dry salting was effective in destroying Anisakis spp. larvae.
Introduction
Anisakiasis is a fish-borne zoonoses caused by nematode parasites of the genus Anisakis. It is contracted by the ingestion of live L3 infective larvae through consumption of raw, undercooked or thermally unprocessed (smoked, salted, marinated) fish or cephalopod products, and it is considered an emerging human disease. The first records of human anisakiasis probably date back to Greenland in 1876 [1] and the Netherlands in the 1960s [2] , and have become increasingly widespread since then with >20,000 cases reported worldwide, most deriving from Japan [1, 3] , with Spain and Italy showing significant prevalence among European countries [4] [5] [6] [7] . A recent multicriteria prioritization study of food-borne parasites ranked Anisakidae in the first ten for all European regions and 17th globally [8] , presumably correlated with better medical diagnostics, as well as current dynamic ecological and societal changes in the world, including frequent travelling, globalization, changing of dietary habits, and higher demand for fish protein and/or raw/undercooked products, especially with younger generations, as well as climate change [9] . Humans are an unintentional or accidental host to Anisakis, transferred from paratenic hosts that serve as transmissible vectors to final hosts, marine mammals. Anisakiasis can adopt invasive or non-invasive aspects, depending on whether larvae are able to to both local populations and foreign visitors. An important element of proper risk evaluation for consumer safety, management, and mitigation is the information on the viability of Anisakis larvae during processing [4] . Although the inactivation of Anisakis spp. larvae by chemical treatments was observed in several studies and larvae showed high sensitivity to salt content, different brines and marinade baths under certain conditions [1, [25] [26] [27] , the effect of all active ingredients of the marinade such as brines, different types of vinegars, lemon juices, wines, soy sauces, or the effect of different spices and plant extracts on their viability was not investigated. For this reason, we investigated the survival and resistance of Anisakis spp. larvae in following solutions: (i) 5, 10, 15, 20 and 35 g NaCl/100 mL water; (ii) 10 g sugar/100 mL water; (iii) fresh lemon juice; (iv) lemon juice with addition of 5, 10, and 15% acetic acid (vol/vol); (v) alcohol, wine, and apple vinegar; and (vi) alcohol, wine and apple vinegar solutions prepared with water in ratio 1:1. These brines and solutions are used in the production of carpaccio-like products, white marinated anchovies, and dry-salted anchovies, thus, we also performed the viability test of larvae during these three non-thermal processes in anchovy fillets.
Results and Discussion

Viability of Larvae in Different Processing Media
The viability of Anisakis spp. larvae in different processing media recorded in our study is shown in Figures 1-4 . When exposed directly to different NaCl solutions (5, 10, 15, 20 , and 35 g/100 mL), larvae were killed after approximately three days in the strongest and 10 days in the weakest solution ( Figure 1 ). Stronger NaCl solution resulting in higher osmotic stress resulted in shorter larval survival in comparison to osmotic stress induced by sugar solution, which showed poor larvicidal capabilities ( Figure 2 ). In this study, both 10 and 20 g/100 mL (w/vol) sugar solutions were investigated, but there was no significant difference between them, thus only data for Anisakis viability in 10 g/100 mL are shown ( Figure 2 ). The Viability of anisakid larvae in brine can vary, i.e., in salted herring A. simplex larvae lived >17 weeks at 5% NaCl and 6 weeks when NaCl content was 8-9% [25] . In our study, the effect of brine was three times stronger, and after direct exposure 50% of Anisakis spp. larvae were dead after 2.5 days at a similar concentration. Although we have identified only a small proportion of larvae at the molecular level using partial mitochondrial COX2 DNA sequence as Anisakis pegreffii, and this species is most often found in the Adriatic Sea [28] , due to a large number of larvae used in this study (>9000) not all samples were identified. Thus, we cannot say for certain that all larvae were A. pegreffii nor preclude the existence of hybrid genotypes that cannot be identified with mitochondrial marker alone. Nevertheless, interspecific differences between nematodes could account partially for observed differences in sensibility during brine treatment. Some Anisakis larvae are quite resistant to processing media such as brines and organic acid solutions, where they can live for weeks [25] . On the other hand, in lemon juice and lemon juice with added acetic acid, the survival of larvae was around 5 days ( Figure 2 ). The addition of 10 and 15% of acetic acid to fresh lemon juice did not much influence the viability of the larvae. Sánchez-Monsalvez et al. directly exposed live anisakid larvae to different solutions containing concentrations of acetic acid (6-16%, vol/vol in steps of 2%) and 3 or 6% (wt/vol) of salt [26] . The authors recorded these concentrations of acetic acid and salt within the range found in the tissue of anchovies prepared in marinades containing 10 to 40% acetic acid. Death rates of the larvae were directly related to the concentrations of acetic acid and salt and ranged from >10 days in a solution containing 6% acetic acid and 3% salt to <1 day for larvae containing >10% acetic acid and 6% salt. Mean; Whisker: Mean±2*SD Figure 2 . Survival of Anisakis spp. larvae exposed directly to fresh lemon juice (C0), lemon juice with addition of 5, 10, and 15% vol/vol acetic acid (C5, C10, and C15); and sugar solution (S10, 10 g/100 mL). Survival of Anisakis spp. larvae after direct exposure to alcohol (9% acetic acid), wine (6% acetic acid), and apple vinegar (4% acetic acid), and their solutions with water are shown in Figures 3 and Survival of Anisakis spp. larvae after direct exposure to alcohol (9% acetic acid), wine (6% acetic acid), and apple vinegar (4% acetic acid), and their solutions with water are shown in Figures 3 and Survival of Anisakis spp. larvae after direct exposure to alcohol (9% acetic acid), wine (6% acetic acid), and apple vinegar (4% acetic acid), and their solutions with water are shown in Figures 3 and 4 . In intact alcohol vinegar, larvae were killed under less than 48 h, while in the solution with water their resistance was prolonged to almost 40 days.
Viability of Larvae During Non-Thermal Processing in Fish Fillets
This study investigated the survival of Anisakis spp. during two marinating processes and dry salting of anchovies and the results are presented in Table 1 . In all three investigated processes, the recovery of the larva inserted into the fillets was 100%. Some larvae were able to leave the pockets in the fillets and were found between the fillets or in the processing media, in this case marinating baths. In the marinated fillets, the pH was similar but obtained by different media (lemon juice +5% acetic acid vs. white wine vinegar) and the NaCl content differed between the samples ( Table 1) . The pH value and NaCl content of dry-salted fillets were significantly higher and in these conditions, there were no live larvae after the maturation process. The pH value did not influence the viability of larvae; however, the NaCl content did. Also, the survival of the larvae in fillets was higher than when larvae were directly exposed to the processing media used for marinating; thus, we can conclude that the fillet provided certain protection for larvae against the combined effect of acid and salt during the marinating processes ( Figure 5A ). Sánchez-Monsalvez et al. obtained similar results and stated that the survival of the larvae directly exposed to a similar acetic acid and salt concentration (10% acetic acid, 3% salt) did not coincide with that seen when they were placed under the fish musculature [26] . On the contrary, larvae survived for much longer. In herring filets, marinated in brine with 6.3% salt and 3.7% acetic acid, A. simplex larvae survived for 28 days [25] . In dry-salted fillets, the NaCl content was >16%, and although 3% of the larvae was able to leave the pockets ( Figure 5B ) at the end of the maturation period (10 days), all larvae were found dead.
European anchovies present a risk of anisakiasis in human populations, outlined when several factors are taken into consideration. Anchovy is a small pelagic fish which is landed in large quantities and presents a moderately high-infected paratenic host, especially in the Adriatic [17, 18] ; it represents one of the most attractive Mediterranean fisheries products traditionally consumed without thermal preparation, and it is impossible to eviscerate the fish on board or take other similar activities due to the large landings (around 3-5 tons per fishing boat) and the fact that there are no automatic lines for evisceration or filleting of anchovies. Thus, education of fishermen to shock the fish on board, which delays the larval migration from viscera to muscle for several days [22] , and the necessity of freezing the fish/product reduces the risk of infection with live larvae. The freezing process and storage in freezers result in denaturation of muscle proteins and marinating of thawed fish presents a challenge with respect to fillet organoleptic properties. Consequently, freezing recommendations are often avoided and products are only visually inspected before consummation. Chemical preservation methods, such as marinating and salting, are most commonly used to inactivate viable anisakid larvae; however, in traditional marinating and salting methods, larvae are killed after several weeks [1, 25] .
Since European Food Safety Authority (EFSA) stated that many traditional marinating and cold-smoking methods are not sufficient to kill Anisakis larvae, recent research focused on the search for alternative treatments for killing viable parasites in fisheries [1] . Other studies, also reported in EFSA, showed that under industrial production of salted fish, the total necessary time for the parasites to be killed was 20 days, and when a NaCl concentration of 8-9% was reached in the muscle, at least 6 weeks was needed to kill the parasite [1] . Successively, Smaldone et al. showed that the double-salting process for fresh cod (Gadus morhua) fillets resulted in a salt concentration of 18.6% in the fillets, and killed Anisakis larvae in 15 days [27] . This process consisted of brining in 13% NaCl solution (at 5 • C for 24 h, 1:1 fish-to-brine ratio) and dry salting, followed by three months maturation at 5 • C by stacking fish and salt in ratio 1:1 in alternating layers. 
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(A) (B) Figure 5 . L3 Anisakis spp. larvae was inserted into the pockets of marinated (A) and dry-salted (B) fish during the maturation period of 7 and 10 days. 
Materials and Methods
A total of 9000 live third-stage (L3) Anisakis spp. larvae were collected from under the visceral serosa of the anchovy's stomach, intestine, gonads, and liver ( Figure 6 ). Fish were caught from Croatian fishing areas in the North and South Adriatic region, iced on board, and transported to the laboratory. In order to remove any excess tissue, larvae were briefly washed in 0.2% NaCl solution. Larvae were examined under the stereomicroscope (Olympus, BX51) and morphologically identified as Anisakis spp. based on the presence of mucron and the boring tooth and appearance of the oesophagus and ventriculus. Additionally, a small proportion of larvae were identified as Anisakis pegreffii at the molecular level using a partial mitochondrial cytochrome oxydase 2 DNA sequence, as previously described and reported in Mladineo et al. [17] . 
Viability Test in Processing Media
To evaluate L3 larvae viability in different processing media, nematodes were incubated in the following solutions: (i) 5, 10, 15, 20, and 35 g NaCl/100 mL water; (ii) 10 g sugar/100 mL water; (iii) fresh lemon juice; (iv) lemon juice with addition of 5, 10, and 15% acetic acid (vol/vol); (v) alcohol, wine, and apple vinegar; (vi) alcohol, wine, and apple vinegar solutions prepared with water in a ratio 1:1. One hundred live L3 larvae were added into Falcon tubes, followed by 200 mL of prepared solutions (each prepared in triplicate), subsequently closed and kept at 4 (±2) °C (Figure 7 ). The survival of the larvae was monitored microscopically over incubation time in the processing media. The larvae were considered viable if spontaneous and stimulated movements were observed, while those that showed no movement even when probed with a fine needle were considered and counted as dead following EFSA [1] . Figure 7 . Anisakis spp. larvae exposed directly to (from upper left to right): lemon juice, sugar solution, white wine vinegar, and NaCl solution. 
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Viability Test during Non-Thermal Processing
To evaluate L3 larvae viability in anchovy (E. encrasicolus) fillets during non-thermal processing and the combined effect of processing media (e.g., table lemon juice and NaCl), the viability was investigated during the preparation of traditional "carpaccio", white vinegar marinade, and the dry salting process. For the cold-marinating process, fresh anchovies were collected, eviscerated, fileted (butterfly fillets), and thoroughly washed. Six batches, each containing 100 individual fish, were prepared for marinating. Microscopically, at four places on each fillet, a small pocket was incised with a scalper and one L3 Anisakis larvae was inserted into the pocket and sewed in. Three batches were used in the carpaccio marinade process consisting of brining the anchovy fillets in NaCl solution 20 g/100 mL for 20 min, followed by marinating in fresh lemon juice with 5% acetic acid (vol/vol) and olive oil. The other three batches were marinated in white wine vinegar: water solution in ratio 1:1 with 7% NaCl. The viability of the larvae was noted at the end of the maturation period after seven days at 4 ± 2 • C and 22 days at 4-8 • C, for carpaccio and white wine vinegar marinade respectively, and after 30 and 60 days of storage at 4 ± 2 • C. To investigate the survival of the larvae during the shelf life of the products, an additional six batches of each marinade were prepared following the same procedures, stored at 4 ± 2 • C and tested for the viability of larvae after 30 and 60 days. For the dry salting experiment, two batches each containing 100 fresh anchovies were eviscerated and the L3 Anisakis larvae were inserted into four pockets incised at the left and right side of the spine in the middle of the fish. The fish were then laid out flat in alternating layers (13 fish per raw) in standard cans 5/1 with salt interspersed between the layers. At the end, the pressure was applied to push the fish to the edge of the cans. The viability of the larvae was noted at the end of overpressure period after ten days at 16 ± 2 • C and after 20 days of maturation. Nematodes were carefully dissected from the fillets, incubated at room temperature in 1% acetic acid for 24 h, and microscopically inspected for spontaneous and stimulated movements [1, 25] .
pH and NaCl Analyses
Sodium chloride content and pH were determined in both groups of marinated anchovies and in salted anchovy fillets at the end of maturation period. Sodium chloride (NaCl) content in fish muscle was determined according to AOAC methods [29] . The pH value of the fish fillet homogenate (fillets were homogenized with distilled water in the ratio 1:10 (w/v)) was measured using a digital Iskra pH-meter MA 5705 with a combined glass electrode (Iskra Model 0101, Ljubljana, Slovenia). The analyses were done in triplicate.
Conclusions
Both marinating procedures tested in this study could not destroy Anisakis spp. larvae in short time periods. If not subjected to a freezing regime before production, these products may pose a public health risk of infection with live larvae. Although the larvae survived the direct exposure to different marinating solutions, the infectivity of L3 larvae and their capacity to penetrate tissue after these treatments are questionable and remain to be determined. On the other hand, the dry-salting process is effective in destroying Anisakis spp. larvae, but further effort is needed for detection and successful removal of embedded larvae because allergens from Anisakis may still be present in the products after killing intact worms [3] . Anisakid larvae are widespread and raising consumers' and producers' awareness about their existence in fish is a critical point and effective prevention strategy. Funding: This research received no external funding.
